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Introduction
The usefulness of organic ligands with heteroatoms N, O, S is well known. However when these ligands are coordinated with a metal atom, they show a remarkable biological activities like anti-microbial, anti-viral and anti-tumor etc. [1] [2] [3] . 1,2,4-Triazine derivatives of Pd (II) and Pt(II) show monodentate and bidentate behavior [4] due to their tautomeric and ambidentate nature. Derivatives of triazines were investigated for their antitumor, fungicidal, herbicidal, insecticidal and activities [5] . Wide use of atrazine as herbicidal compounds 3 resulted in alarming threat for human health as well as environment [6] . Keeping in view the positive and negative aspects of triazine based molecules Larif et al reported a detailed research explaining the biological activities of various derivatives of triazines using DFT and quantitative structure activity relationship (QSAR) studies [7] . We have recently reported the synthesis and spectroscopic studies of 1,2,4-triazine complexes with Ru(II) [8] .
In recent years, DFT has been a shooting star in theoretical modeling. The development of better and better exchange-correlation functionals made it possible to calculate many molecular properties with comparable accuracies to traditional correlated ab initio methods, with more favorable computational costs [9] . Literature survey revealed that the DFT has a great accuracy in reproducing the experimental values of in geometry, dipole moment, vibrational frequency, etc [10] [11] [12] [13] [14] [15] [16] . It was noted that the experimental results belong to solid phase and theoretical calculations belong to gas phase. In the solid state, the existence of the crystal field along with the intermolecular interactions have connected the molecules together, which result in the differences of bond parameters between the calculated and experimental values. Despite the differences observed in the geometric parameters, the general agreement is good and the theoretical calculations support the solid state structure.
In this present paper, we report the crystal structures and spectral characterizations of triazine heterocyclic derivatives. Representing the synthesis of triazine derivatives is given in Scheme 1. The properties of the structure geometry, NLO properties, FMO and MEP for compounds 1-3 at the DFT/B3LYP/6-31G(d,p) level were studied for the first time. Besides these, the experimental and calculated values are valuable for providing insight into NMR, UV-vis spectrum and molecular parameters. The results obtained from theoretical calculations and experiments were compared. 4 All chemicals used in this study were purchased from Fluka and used without further purification. The melting point was recorded on Stuart scientific SMP3 (Bibby, UK) melting point apparatus and is reported as uncorrected. 
Experimental and computational method

Materials and methods
(5,6-Diphenyl-[1,2,4]triazin-3-yl)-hydrazine (2)
A mixture of 5,6-diphenyl-4H-[1,2,4]triazine-3-thione (5g, 18.84 mmol) and hydrazine hydrate (10 ml) in isopropyl alcohol was refluxed for 4-6 h, until no more H 2 S evolved. Acetic acid was added drop wise into mixture to remove the excess of hydrazine till neutralization. The mixture was cooled. The solid obtained was filtered off and crystalized from ethanol to give yellowish crystals [18] Diffraction data of compounds 1-3 were collected on Oxford Diffraction SuperNova (single source at offset) Eos diffractometer equipped with a graphite-monochromatic CuK α radiation at 296 K. The structures were solved by direct methods using SHELXS-97 and refined by full-matrix least-squares method using SHELXL-97 [19] . All non-hydrogen atom parameters were refined anisotropically and all H atoms except for H atoms bonded nitrogen atoms were refined using a riding model with C-H distances of 0.93 Å. H atoms bonded nitrogen atoms were located in a difference map and refined freely. The following procedures were implemented in our analysis: program used for molecular graphics were as follow:
MERCURY programs [20] ; supramolecular analyses: PLATON [21] ; software used to prepare material for publication: WinGX [22] . 
Computational procedures
In computational procedure, Gaussian 03 [23] program package and GaussView visualization program [24] were used for DFT and Hartree-Fock (HF) calculations. Starting geometries of compounds 1-3 were taken from X-ray refinement data. Full geometry optimization of compounds 1-3 in the ground state were performed by using DFT method with Becke's three-parameters hybrid exchange-correlation functional (B3LYP) [25] employing 6-31G(d,p) basis set [26] . As the first step of our DFT calculation for the investigated compounds 1-3, the initial geometrical configurations taken from their crystallographically obtained geometrical data with no constraint. Thus, the optimized molecular geometry, total molecular energy and dipole moment calculations were obtained from the optimization output by the computational process. Secondly, the average linear polarizability and first hyperpolarizability properties of the compounds were obtained from properties, such as HOMO-LUMO energies, absorption wavelengths and oscillator strengths calculated using B3LYP method of the TD-DFT, basing on the optimized structure in chloroform and spectra were calculated using the TD-DFT method in gas phase and chloroform solution.
Supplementary data
Crystallographic data for the structural analysis have been deposited with the Cambridge 
3.
Results and discussion
Description of the crystal structures
Details of data collection and crystal structure determinations are given in Table 1 .
Selected bond lengths and angles are collected in Table 2 Symmetry codes:
In compound 2, amino atom N5 in the reference molecule at (x, y, z) acts as a hydrogen-bond donor, via H5B, to atom N1 in the molecule at (-x, -y+1, -z), so forming a centrosymmetric R 2 2 (10) ring centered at (0, 1/2, 0). Similarly, atom N4 in the molecule at (x, y, z) acts as a hydrogen-bond donor, via H4, to atom N1 in the molecule at (-x-1, -y+1, -z), so 11 forming a centrosymmetric R 2 2 (8) ring centered at (-1/2, 1/2, 0). The molecules of compound 3 interacts with the protonated nitrogen atom through a N-H···S hydrogen bond forming centrosymmetric R 2 2 (8) ring motif with an adjacent cation sulphur atom. In compound 3, there is also C-H···π interaction between C14-H14 and centroid Cg2 (Cg2 = C4-C9). Details of this interaction are given in 
Optimized geometry and electronic structure
The optimized parameters of compounds 1-3 have been obtained by using the B3LYP/6-31G(d,p) level by DFT method. The computational results for compounds 1-3 were listed together with corresponding X-ray experimental values in Table 2 . As seen from Table   2 , the optimized bond lengths and the bond angles are slightly different than the X-ray experimental values. We noted here that the experimental results belong to the solid phase and theoretical calculations belong to the gas phase. In the solid state, the existence of a crystal field along with the intermolecular interactions connects the molecules together, which results in the differences in bond parameters between the calculated and experimental values.
According to X-ray and DFT studies, the dihedral angles between the mean planes of A (N1-N3/C1-C3), B (C4-C9) and C (C10-C15) rings for compounds 1-3 are given Table 2 .
A logical method for globally comparing the structures obtained with the theoretical calculations (red) is by superimposing the molecular skeleton with that obtained from X-ray diffraction (blue), giving a RMSE of 0.232 Å for compound 1, 0.226 Å for compound 2 and 0.177 Å for compound 3 (Fig. 2) . These differences are due to intermolecular interactions. 12 These studies indicate that the B3LYP calculation reproduce the geometry of the compounds well. Hydrogen atoms have been omitted for clarity.
Non-linear optical effects
Non-linear optical (NLO) effects arise from the interactions of electromagnetic fields in various media to produce new fields altered in phase, frequency, amplitude or other propagation characteristics from the incident fields [32] . NLO is at the forefront of current research because of its importance in providing the key functions of frequency shifting, optical modulation, optical switching, optical logic, and optical memory for the emerging technologies in areas such as telecommunications, signal processing, and optical interconnections [33] [34] [35] . In order to investigate the relationships among photocurrent generation, molecular structures and NLO, the polarizabilities and hyperpolarizabilities of compounds 1-3 was calculated. 13 The total static dipole moment (μ), the average linear polarizability (α) and, the first hyperpolarizability (β) can be calculated using the following the Eqs. (1)- (3), respectively [33] . There are x, y and z components: 
DFT has been extensively used as an effective method to investigate the organic NLO materials [36] . In order to investigate the NLO properties of structures, μ, α, and β components for compounds 1-3 in gas phase were calculated at the B3LYP/6-31G(d,p) level using polar = ENONLY input to Gaussian 03W program package listed in 
Total energies and dipole moments in solvent media
The total energy, energy gap and dipole moment have an effect on the stability of a molecule [39] . We have done optimization in order to evaluate the energetic behavior and dipole moments of the compounds 1-3 in solvent media; we carried out calculations in gas phase and four different kinds of solvent (benzene, chloroform, ethanol and DMSO). The total molecular energies, the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) energies, dipole moments and chemical hardness (η ) have been calculated with the PCM using B3LYP/6-31G(d,p). Results obtained from solvent and gas phase are listed in Table 5 . The chemical hardness is quite useful to rationalize the relative stability and reactivity of chemical species. Hard species having large HOMO-LUMO gap will be more stable and less reactive than soft species having small HOMO-LUMO gap [40] . As seen from Table 5 , we can infer that the obtained total molecular energies and energy gap (ΔE) between HOMO and LUMO of compounds 1-3 by PCM method and chemical hardness decrease with the increasing polarity of the solvent while the dipole moments rise with the increase of polarity of the solvent for compounds 1-2. Solvent effects improve the charge delocalized in the molecules, therefore, inducing the dipole moments to be raised.
Ground-state dipole moment is an important factor in measuring the solvent effect. A large 15 ground-state dipole moment gives rise to strong solvent polarity effects [41, 42] . However, we can conclude that the total molecular energies obtained by PCM method decrease with the increasing polarity of the solvent, while the dipole moments and chemical hardness will increase with the increase of the polarity of the solvent for compound 3. According to these results, the stability of compound 3 increases in going from the gas phase to the solution phase.
Frontier molecular orbital energies
Energies HOMO and LUMO are popular quantum mechanical descriptors [43] .
According to the investigation on the FMO energy levels of the compounds, which play important roles in interactions between the molecules as well as in electronic spectra of molecule [44] , we can find that the corresponding electronic transfer happened between will be more stable and less reactive than soft species having small HOMO-LUMO gap [45] .
The atomic orbital compositions of the frontier molecular orbitals with energy values, which computed at B3LYP/6-31G(d,p) level for compounds 1-3 in gas phase are shown in Fig. 3 .
The positive phase is red and the negative one is green. As seen from Fig. 3 , in the HOMO:
the main electronic transition is occurred at partly phenyl ring and C3 atom, while in LUMO the charge density accumulated at a part of phenyl ring for compound 1. In compound 2, it is clear from the figure that while the HOMO is mainly delocalized over the structure, LUMO is delocalized on the whole structure other than hydrazinly group and phenyl ring. In the 16 HOMO, the charge density is mainly localized on C atom of triazine group and S atom attached to triazine group of molecule for compound 3. However, in case of the LUMO, more charge density moves to the triazine ring part and S1 atom. Both the HOMO and LUMO are mostly the π-antibonding type orbitals for compounds 1-3. As can be seen from Table 5 
Molecular electrostatic potential
The molecular electrostatic potential (MEP) V(r), is related to the electronic density and is a very useful descriptor in determining the sites for electrophilic and nucleophilic reactions as well as hydrogen bonding interactions [47, 48] . Being a real physical property, V(r) can be determined experimentally by diffraction or by computational methods [44] .
MEP maps of the compounds 1-3 were calculated by using the geometry obtained from DFT method at the B3LYP/6-31G(d,p). The negative (red and yellow) and the positive (blue) regions in the MEP were related to electrophilic reactivity and nucleophilic reactivity, respectively (Fig. 4) . As can be seen from the 
NMR analysis
The isotropic chemical shifts are frequently used as an aid in identification of reactive organic as well as ionic species. It is recognized that accurate predictions of molecular geometries are essential for reliable calculations of magnetic properties [49] . Therefore, full geometry optimization of compounds 1-3 were performed by using the HF and B3LYP methods with 6- H proton which gave a broad peak at 11. assignments for triazine and aromatic carbon atoms are given in Table 6 . 
Electronic absorption spectra
In order to understand electronic transitions, electronic absorption spectra was calculated with TD-DFT method, based on the B3LYP/6-31G(d,p) level optimized structure of compounds 1-3. TD-DFT calculations of compounds 1-3 in gas phase and chloroform solvent were performed by using PCM model. The experimental and computed electronic values, such as 23 absorption maxima of λ (which is a function of the electron availability) and Singlet A values (which are from CI expansion coefficients are used to calculate the percentage contribution of the translations), excitation energies (E), and oscillator strengths (f) are reported Table S1 (supplementary material). The major contributions of the transitions were designated with the aid of SWizard program [50] . The electronic absorption spectra of the investigated compounds show an electronic absorption band with maxima at 345, 355 and 440 nm for compound 1, 2 and 3, respectively, these values are very close to calculated absorption peak.
These experimental bands at 345, 355 and 440 nm for compounds 1-3, respectively are attributed mainly to a HOMO→LUMO transitions are predicted as π→π * transitions. The other wavelength, excitation energies, oscillator strengths and calculated counterparts with major contributions in gas phase and solvent can be seen in Table S1 (supplementary material).
Conclusions
In this paper, we have synthesized compounds [C 15 H 12 N 4 (1), C 15 H 13 N 5 (2) and C 15 H 11 N 3 S (3)] including triazine heterocyclic derivative, and characterized it using structural (XRD)
technique. The optimized parameters of compounds 1-3 have been obtained by using the B3LYP/6-31G(d,p) level by DFT method. The X-ray structure is found to be very slightly different from its optimized counterparts. It is noted here that the experimental results are for the solid phase and the theoretical calculations are for the gas phase. In the solid state, the existence of the crystal field together with the intermolecular interactions holds the molecules together, which results in differences between X-ray experimental and calculated values for the bond parameters. In spite of the differences observed in the geometric parameters, the common agreement is good and the theoretical calculations support the solid-state structures.
Furthermore, the non-linear optical properties: total static dipole moment and the first hyperpolarizability properties of compounds have been calculated in order to get insight into compounds. And also the value of the ΔE explains the eventual charge transfer interaction 24 taking place within the molecule of compounds. The total energy of molecules decreases with the increasing polarity of the solvent for compounds 1-3. Chemical hardness decrease with the increasing polarity of the solvent while the dipole moments rise with the increase of polarity of the solvent for compounds 1-2. However, dipole moments and chemical hardness have been increased with the increase of the polarity of the solvent for compound 3. According to these results, the stability of compound 3 increases in going from the gas phase to the solution phase. To predict reactive sites for electrophilic and nucleophilic attack for the investigated molecules, MEP studies were carried out. Thus, it would be predicted that the nitrogen atoms will be the most reactive site for electrophilic attack and hydrogen atoms will be the reactive site for nucleophilic attack. These sites give information about the possible areas for interand intramolecular hydrogen bonds. The magnetic properties of the compounds 1-3 were observed and calculated. The theoretical In summary, very complete characterizations of studied novel compounds were given in the present paper. We hope the results of this study will be helpful for the design and synthesis new materials. 
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